smoking are associated with increased risks compared with physical activity and non-smoking. [11] [12] [13] On the other hand, overweight showed an ambiguous association with mortality, while obesity showed an increased mortality risk.
Physical activity protects the individual from CVD, 11,14 diabetes, 15 and obesity. 16 Smoking cessation decreases the risk of CVD 17 and stroke, 10 although the decrease in stroke incidence appears to be slow and the risk remains on a high level. 18 In addition, other studies have found that prevention of obesity protects against the risk of CVD, at least among women, 19, 20 and stroke. 21 However, there are some inconsistencies in previous longitudinal studies focused on lifestyle and stroke. The Copenhagen City Heart Study showed that physical inactivity was a potent risk factor for stroke while the body mass index (BMI) was not found to have any effect on stroke. 22 Trends in American society show that reduced fat and calorie intake and frequent use of low-calorie food products are associated with a paradoxical increase in the prevalence of obesity. 23 The dramatic decrease in total physical activity could explain the paradox. Moreover, Swedish men who became physically inactive had a higher increase in BMI than those who were physically active on a regular basis between 1980-1981 and 1988-1989 when adjustments were made for smoking, SES and country of birth. 24 A Finnish study showed that only dietary habits improved during the 1980s among males in Finland while physical inactivity and daily smoking remained unchanged. 25 Unhealthy behaviour was more common in lower educational groups, especially among middle-aged men and divorced men.
Most studies have been limited in that they have been restricted to a single geographical area or to a segment of the working population. It is also uncommon to control for SES and country of birth. In this study, we had the opportunity to examine whether there were differences existed in both selfreported health status and mortality in a longitudinal sample representative of Sweden. The first aim of the present study was to analyse crosssectional associations between lifestyle factors, such as physical inactivity, smoking, and BMI, and self-reported health status, with adjustments for marital status, educational status and country of birth. We expected cross-sectional associations between physical inactivity, daily smoking, obesity and poor self-reported health status.
The second aim was to analyse how transitions in lifestyle influenced self-reported health status between 1980-1981 and 1988-1989 . We expected to find poor health status among those who changed their lifestyle to a more sedentary type, i.e. from physical activity to physical inactivity, non-smoking to smoking and non-obesity to obesity.
The third aim of the present study was to investigate the influence of changes in lifestyle factors and self-reported hypertension on all-cause mortality. We expected to find increased mortality among those who remained in a poor status or changed their lifestyle in a negative way, or who developed hypertension during the study period.
Method
Both the cross-sectional and the longitudinal analyses are based on the same representative, simple random sample of 3843 adults aged in the Swedish population. The data were collected by Statistics Sweden, the Swedish Annual Levelof-Living Survey. 26 They were interviewed face-to-face in 1980-1981 and the same respondents were reinterviewed using the same questionnaire in 1988-1989. Data on mortality from interview up to 31 December 1995 were obtained from the Cause-of-Death Register based on the individual Swedish national registration number.
The non-response rate was about 15% in 1980-1981 and also about 15% of those who participated in 1980-1981 did not participate in [1988] [1989] . Refusal is the dominating reason not to respond. Slightly more than two-thirds of the nonresponse consists of refusals, one-fifth of the non-respondents were not found and one-tenth were ill. Mortality, as a measure of ill-health among both respondents and non-respondents based on the complete 1980-1981 samples, has been analysed in a proportional hazard model adjusted for sex, age, marital status and region. It was found that those who refused had the same mortality as the respondents, but the other two groups had significantly higher mortalities. Owing to nonresponse, ill-health in the population will probably be underestimated to some extent. Relative risks will probably be less influenced by non-response than absolute measures such as prevalence.
Outcome variables
Health status was based on the question: 'How would you describe your general health?' Is it 'good', 'poor' or 'anywhere between good and poor'. Those who answered that their health status was 'poor' or 'anywhere between good and poor' are counted as having poor health status.
All-cause mortality. Person-years at risk were calculated from the date of the second interview until death or, for those who survived, until 31 December 1995.
Independent variables
Age (at baseline) was categorized into the following groups: 25-34, 35-44, 45-54, 55-64 and 65-74 .
Physical activity comprised five categories of leisure physical activity, which were dichotomizd in the analysis into: being physically inactive or occasionally active versus regular physical activity at least once a week.
Smoking habits: Tobacco consumption (grams per day) was obtained by adding the number of cigarettes smoked per day (one cigarette corresponding to one gram), the number of cigarillos (2 grams) per day, of cigars (5 grams) per day and grams of pipe tobacco per day. The reference category was 'Never smoked' and the other categories were 'Former smoker' and 'Daily smoker, 1-14 (1-10 for females) grams per day' and 'more than 14 (10) grams per day'.
Body mass index (BMI) was calculated as weight/height 2 (kg/m 2 ) and comprised four categories: underweight (BMI Ͻ 19 for females and BMI Ͻ 20 for males), normal weight (19 р BMI Ͻ 23.8 for females and 20 р BMI Ͻ 25 for males), overweight (23.8 р BMI Ͻ 28.6 for females and 25.0 р BMI Ͻ 30.0 for males) and obesity (BMI у 28.6 for females and у 30.0 for males).
Marital status comprised two groups: single and married/ cohabiting.
Country of birth was defined as either indigenous (Sweden) or foreign-born.
The respondents were classified into three groups according to their educational status: (1) primary school level, р9 years of education; (2) at least 2 years of high school, 10-11 years of education; and (3) 3 years of high school or university studies, Ͼ11 years of education (reference group).
Longitudinal effect of age, expressed in years: Age at second interview minus age at first interview.
Self-reported hypertension included as an independent variable in the model with mortality: those who said they used antihypertensive drugs or reported hypertension (diagnoses 401-405 according to ICD-8 and ICD-9) as a long-standing disease and all others.
The reliability of the dependent and independent variables, with the exception of country of birth and marital status, was analysed in 1989 in reinterviews (test-retest method) about 4 weeks after the main interview of a random sample of 410 respondents (response rate 88.4%) for the following variables included in the present study: health status, physical activity; smoking; weight and height (BMI); educational status giving kappa coefficients between 0.7 and 0.9 indicating a high level of reliability. 27 
Statistical Methods

Marginal model
A marginal model was used to estimate cross-sectional odds ratios for poor self-reported health separately for men and women because we found several interactions between sex and other variables. The model included age, marital status, educational status, country of birth, physical activity, smoking habits and BMI as independent variables. The regression coefficients were estimated by generalized estimating equations (GEE). 28 There were significant interactions between physical activity and smoking, and between physical activity and BMI (women only). The fit of the model was strongly improved when the interactions were included. The regression and within-subject correlations are modelled separately. This method is more efficient than a cross-sectional analysis with the same number of subjects. The efficiency depends on the size of the correlation between the measurements. Another advantage is that the number of repeated observations may vary among subjects without changing the interpretation of the coefficients, but there should be at least two. The exponentiated regression coefficients are interpreted in the same way as OR from a cross-sectional analysis, which is sometimes called a 'population-averaged' interpretation. 28 They compare the odds of disease in the populations with and without a risk factor. The working correlation matrix was exchangeable (compound symmetry), which is always applicable when there are two measurements. The results are shown as OR with 95% confidence intervals (CI) and are interpreted in the same way as OR from cross-sectional analyses.
Longitudinal transition models
The transitional model was analysed by applying unconditional logistic regression including health status, sex, age and country of birth from baseline (1980) (1981) and marital status and educational status from the second interview (1988) (1989) as independent variables. 28 Self-reported health status in 1988-1989 was the dependent variable. In order to estimate transitions from one state to another, measurements from both interviews were included in the model for the following variables: physical activity, BMI and smoking habits, with adjustments for all other variables. Adjusting for transitions in marital status gave essentially the same results as only including marital status from the second interview. Therefore, the simpler model was chosen. A transition model takes into account both the regression objective and the within-subject correlation simultaneously. 28 The conditional expectation of the last response depends on the independent variables and the past response.
Proportional hazard models
All-cause mortality was analysed using a proportional hazard model including sex, age (continuous), marital status, education, physical activity, smoking and obesity. 29 To estimate the changes in lifestyle factors (physical activity, smoking, obesity and mortality), four categories were defined (remained at high risk, changed from low to high risk, changed from high to low risk and remained at low risk). The mortality risks in each of the categories were analysed, adjusting for marital status, educational status and country of birth. Changes in marital status did not influence the risks. The results are presented as hazard ratios (HR) with 95% CI. The proportional hazard assumption was analysed by inspecting log (-log) survival curves for parallelism. All of the included variables approximately met the assumption.
Results
The age-standardized distribution of poor health status in the age range 25-74 years in the sociodemographic and the lifestyle variables by sex and interview year are shown in Table 1 . The interviews were completed by 1871 men and 1972 women on both occasions. For all variables, the prevalence of selfreported poor health status is higher for 1988-1989 than for 1980-1981; women and those who had a more sedentary lifestyle generally had higher prevalences than their counterparts. Single and foreign-born people and those with decreasing educational status have consistently higher prevalences of poor health status than their counterparts (Table 1) . Table 2 presents estimated OR with 95% CI for self-reported poor health status for a full model including all variables, by sex. Being physically inactive, current or former smoker or obese (women only) was strongly associated with an increased risk of poor health. Even if the main effect of smoking was not significant in the final model, it is an important variable combined with physical activity (interaction). The overall fit of the model was significantly improved when the interactions between physical activity and smoking and between physical activity and BMI (women only) were included ( Table 2 ). The regression coefficients with P-values are shown in Table 2 and the combined effects of the lifestyle variables in Table 3 , as OR. Being single or being born abroad and having an educational status р9 years or 10-11 years were risk factors for poor self-reported health status.
Physical activity is a strong protective factor for poor health status (Table 3) . Physically active and obese current smokers or former smokers have an OR of about 1.50 for poor health status. In contrast, physically inactive and smoking women show a similar gradient for poorer health status with increasing BMI. The OR were about 3 for normal weight, 4 for overweight and 9 for obesity (Table 3) .
Regression coefficients and P-values from the final transitional model are presented in Table 4 . The final model shows the main effects and interactions of the independent variables. Self-reported health status, sex, and country of birth are indicated from baseline and all others from the second interview. The final model was tested for interactions. Only one was discovered, health status with education (р9 years), which resulted in a significantly better fit. Self-reported health status from baseline was a very strong predictor of health status at the second interview ( Table 4 ). The other variables were associated with about the same risks as in the marginal models in Table 2 . The transition matrices for physical inactivity, smoking and BMI were estimated by the final model in Table 4 . Going from 'physical activity' to 'physical inactivity' resulted in an increased risk for poor health status compared with the reference group 'physical active' at both interviews (Table 5) .
Those who stopped smoking during the 8-year period had an OR of 1.29 (CI : 1.01-1.67) and those who remained daily smokers also had an increased risk with an OR of 1.61 (CI : 1.18-2.19), compared with never-smokers on both occasions (not shown in Table) .
Going from overweight to obesity gave an OR for poor health status of 1.61 (CI : 1.09-2.43) and remaining obese an OR of CHANGE IN LIFESTYLE AND HEALTH 1077 Table) . The risk of death from all causes was examined according to changes in lifestyle and hypertension and is shown in Table 6 . From the second interview in 1988-1989 to 31 December 1995, there were 357 deaths during 25 588 person-years. Respondents who decreased their physical activity between 1980-1981 and 1988-1989 also increased their mortality risk compared with those who were physically active on both occasions. Respondents who were smokers on both occasions and those who stopped smoking by the second interview had a higher mortality than respondents who had never smoked on either one of the occasions. Overweight was only a risk factor for increased mortality when there was a change from being overweight to not being overweight during the 1980s. Respondents who remained or became hypertensive by the second interview had a higher mortality risk compared with those who were normotensive on both occasions.
Discussion
This study, based on a large representative sample of the whole Swedish population, demonstrates the associations between changes in physical activity, smoking and BMI when simultaneous adjustments are made for sex, age and socioeconomic variables, such as marital status and educational status, and country of birth. We demonstrated, as expected, cross-sectional associations between lifestyle factors, socioeconomic environment, and health status by analysing marginal models using GEE. Furthermore, we demonstrated that physical activity seems to be a strong protective factor against poor health status among obese/overweight and smoking individuals. Moreover, we found that poor health status and increased mortality are associated with a change in lifestyle to a more sedentary type. Those who developed hypertension during the study period showed increased mortality rates. The transitional matrices of the Markov regression models predicted changes in health risks on changing from one state to another.
The finding that the transition from not being physically active to being physically active was associated with a nondeteriorating health status partly agreed with a longitudinal study from Alameda County focused on 6-year predictors of successful ageing for men and women in the age bracket 65-95 years. 30 They were studied prospectively in 1984 and followed through 1990 and walking for exercise was prospectively associated with successful ageing. Multiple logistic regression was used in the Alameda Study in which successful ageing in 1990 was regressed on the baseline predictors, as well as on successful ageing in 1984, which had a strong association with follow-up successful ageing. 30 Physical activity was associated with good self-reported health status, which was consistent with previous findings that exercise affects both morbidity and mortality. [31] [32] [33] [34] In community prevention trials that targeted multiple CVD risk factors using multiple intervention modalities, regular physical activity Table 5 Odds ratios for poor health status with 95% confidence intervals and frequency of transitions from first interview to second interview for physical activity adjusted for all other variables in the transitional model according to was one of the four 'cornerstone' approaches to securing cardiac health. [32] [33] [34] The benefit of regular physical activity in providing long-standing protection against the manifestations of coronary heart disease has been demonstrated. [35] [36] The finding of a strong interaction between some lifestyle factors, e.g. that physically inactive obese women, regardless of whether they were smokers earlier or are current smokers, had a more than five times increased risk of poor health status compared with physically active obese smokers is new, but it should be interpreted with caution because it is a cross-sectional association. The corresponding risk for men was increased about three times. Another interesting finding is that those who had smoked earlier also had an increased risk, which is partly in accord with a longitudinal follow-up in the National Health and Nutrition Examination Survey (NHANES I), which also showed that smoking, above all in middle-aged and older men, was a predictor of survival time. 13 Smokers also exhibited lower levels of health consciousness, e.g. low fibre ingestion and not taking exercise. [37] [38] A prospective 8-year follow-up study of more than 115 000 women found that even mild-to-moderate overweight increased the risk of coronary heart disease. 19 We found that overweight subjects have about the same risk as the normal group, a finding in line with a review of mortality among obese individuals. 39 Being single is a well-known risk factor for poor health status and increased mortality and was confirmed in this study. [40] [41] [42] The finding that foreign-born individuals had a higher risk for poor health than Swedes after adjustment for sociodemographic and lifestyle factors agreed with other studies. 4, 43 There was a graded association between education and poor health which agreed in part with other studies reporting that a low-tointermediate educational level was a risk factor for severe longterm illness 44 and mortality. [45] [46] [47] [48] Mortality and changes in lifestyle behaviour involving physical activity and smoking, as well as hypertension, show, as expected, that remaining in a negative lifestyle status or transiting from a good to a negative lifestyle status results in higher risks than remaining in a good lifestyle status. However, changes in BMI (overweight) present an ambiguous picture, which might be due to the fact that we do not know if the weight losses were voluntary or not. Cross-sectional studies often show a strong relationship between obesity and mortality. [19] [20] 49 The findings in this study are in perfect accord with those of Davis et al. 13 
Strengths and limitations
The advantages of this study, a large random sample of the Swedish population and repeated measurements, allowed us to analyse how the change in a lifestyle factor influenced selfreported health status and mortality. The marginal model, using GEE, was effective in analysing the meaning of being single, being physically inactive and being a smoker, while the transitional models were most useful in analysing the change, with some individuals experiencing recovery from poor health and others experiencing a decline in health.
The present study does have some limitations, however, one disadvantage is that all changes that might have occurred during the 8-year period are not known, but only the status at the interview. A change in self-reported health might have taken place at any point in time between the two assessments. It is not known whether the change in lifestyle preceded or followed the onset of a change in health. A similar problem occurs when using mortality as the outcome. Furthermore, the use of selfreported data and the non-response factor might introduce a bias. One example is the opinion that self-rated data are a subjective and not an objective measure of health status like, for instance, standardized mortality rates or diagnoses obtained from health examinations. But longitudinal Swedish 50 and American studies [51] [52] [53] showed that self-reported poor health status, used as a dependent variable in the present study, was a strong predictor of death. This type of survey has a long tradition, and the questions were well validated. A recently published American study used data from the National Health and Nutrition Examination Survey (NHANES) III from 1988-1991 and found that self-reported hypertension could be used for the surveillance of hypertension trends. 54 In summary, the present study confirms the cross-sectional associations between smoking, obesity, and physical inactivity and poor health status. Furthermore, this study revealed the importance of a sound lifestyle, especially regular physical activities, for maintaining good health and achieving low mortality.
